Aims To prospectively report on the survival of resin-modified glass ionomer cement (RMGIC), photac-fil and pre-formed stainless steel crown (SSC) restorations in primary molar teeth placed over a seven-year period in a specialist paediatric dental practice under private contract of remuneration. Method All primary molar restorations placed by a specialist paediatric dentist over a seven-year period were reviewed and the outcome results recorded. Data were recorded at review visits until June 30, 2003. Data recorded included Class I restorations, Class II restorations and SSC. The Class II cavities were either mesial or distal, with or without buccal/palatal extensions. If both proximal surfaces were decayed or if after cavity preparation the resultant outline form was significantly larger than the minimal classical form, RMGIC was not used; an SSC was placed instead. Stainless steel crown preparation followed conventional guidelines. The crowns were cemented with reinforced zinc oxide and eugenol (Kalzinol). The status was recorded as satisfactory restoration, tooth exfoliated, tooth extracted for orthodontic reasons with the date of extraction, or needing replacement. If replaced then the reason for replacement was also recorded. Results A total of 544 Class I RMGICs, 962 Class II RMGICs, and 1,010 SSCs were placed. At the last review of each restoration, 98.3% of Class I, 97.3% of Class II RMGICs and 97.0% of SSCs were either satisfactory or withdrawn intact. Conclusion Under the conditions of private specialist practice-based study SSCs continued to prove very successful for the restoration of larger cavities and for pulp-treated primary molar teeth. For the smaller cavities RMGIC were also very successful.
INTRODUCTION
Levels of dental caries in children in developed countries have been reducing since the early 1970s. However, this decline has now reached a plateau and there is clear evidence that treatment of caries in the primary dentition is still an integral part of child healthcare. 1 In the last century, different techniques and materials became available for the restoration of primary teeth. In the past, stainless steel crowns (SSCs) have been shown to provide the most durable restorative material for primary molars. 2, 3 However, they have been mainly recommended where pulp therapy has been performed, or in teeth with multi-surface restorations due to developmental defects or caries, or where other restorative materials are likely to fail. 4 Traditionally, amalgam has been the main restorative material for small Class I and Class II cavities in primary dentition. 5 In recent years, there have been increasing concerns regarding the use of amalgam because of potential mercury toxicity, and also its effect on the environment, although in a recent review article it was concluded that the mercury released from amalgam restorations was insufficient to cause medical problems. 6 However these concerns have led to an increasing demand from parents of paediatric dental patients for non-mercury materials. Peretz and Ram 7 found that although 40% of parents had no preference for the restorative material for their children, only 12% preferred amalgam and 48% preferred tooth-coloured restorations. Parental preference was determined more by health concerns than aesthetics. This demand, together with the many developments which have taken place in restorative dentistry in recent years, have helped encourage increased use of alternative restorative materials. These include composites, glass ionomer cements, resin modified glass ionomer cements and compomers.
Composites, made of part resin and part silanised glass, form a micro-mechanical bond to enamel and dentine. Advantages of composites include good aesthetics, wear-resistance, minimal cavity preparation and ability to reinforce residual tooth structure. [8] [9] [10]  Under specialist practice conditions, resin-modified glass-ionomer cement (RMGIC) restorations are shown to be highly successful.  Class II RMGICs were as successful as preformed metal crowns.  Emphasis is placed upon only placing intra-coronal restorations in minimal cavities, preformed crowns being used where the decay process is more advanced.  High usage of rubber dam reflects the authors' firmly held belief that not only does it provide moisture control, but aids considerably in behaviour management.
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However, evaluation of the success rate of posterior composite resin in the primary dentition has shown lower success rates compared to amalgam and other adhesive materials mainly due to micro-leakage, bond failure and recurrent caries. 11, 12 Glass ionomer cement (GIC) has been available for three decades. 13 Over this period, there have been further developments leading to variants of this material, which include conventional GIC, resin-modified GIC (RMGIC) and compomers. Conventional GIC and its other derivatives all contain fluoroaluminosilicate glass and polyalkenoic acid, which undergo an acid base reaction to form a cement, water being an essential component in this reaction. 14 Conventional GICs have been used in restoration of primary teeth since their early days of development. The main advantages include their fluoride-releasing property, 15 and their ability to form a true chemical bond to tooth structure. 16, 17 However, despite possessing reasonable compressive strength, traditional GICs are brittle, with low tensile strength and wear-resistance, which makes them unsuitable for load-bearing restorations in primary teeth. 18 RMGICs were developed partly to overcome problems of conventional GICs. These cements contain not only the basic component of GICs, but also a monomer such as 2-hydroxyethyl methacrylate (HEMA) or bis-GMA. Addition of the resin component within the glass ionomer formula has not only increased the working time, thus reducing handling difficulties, but it has also substantially increased wear-resistance and physical strength of the cement. 19, 20 There have been very few documented clinical trials reporting the success rate of RMGICs for restoration of primary molars. Croll et al. 21 reported a 93% success rate in Class I and Class II restorations after four years. Similarly, Hübel and Mejàre 22 reported a 94% success rate in Class II restorations after three years. Mjor et al. 23 reported on the longevity and failure of restorations placed in primary teeth in 1996. Of the 2,040 restorations, 314 failed and of these, 30% were RMGICs and only 17% were amalgams. The median age of replacement for amalgams was three years, compared to two years for all tooth coloured restorations. However Donly et al. 24 found that for Class II cavities RMGICs inhibited caries at the restoration margins better than amalgam.
Roberts and Sherriff 2 prospectively reported the survival of amalgam and SSC molar restorations, placed in a specialist paediatric dental practice. The true failure rate for primary molar restorations was 4.1% for Class I amalgams and 11.6% for Class II amalgams. For SSCs only 1.9 % failed.
It is therefore clear that SSCs are the most reliable and durable restorative material for primary molars. However in cases where there is a minimal Class II cavity, use of SSCs is too invasive and alternative materials need to be considered.
The aim of this present study is to prospectively report on the survival of RMGIC and SSC restorations in primary molar teeth placed over a seven-year period in a specialist paediatric dental practice under private contract of remuneration. Details recorded and entered onto a computer database were: patient identifying code, birth date, tooth restored, date of placement, restorative material, type of restoration, use of anaesthesia, and use of rubber dam.
MATERIALS AND METHODS
Patients were placed on an appropriate review schedule, the usual six to nine month interval being shortened or extended according to individual needs. At that review visit the restoration was examined clinically and radiologically by the same operator (JFR). The study was practice-based, therefore radiographs were taken at varying intervals. Bitewing radiographs would be taken at approximately yearly intervals with a range of six to 24 months, dependent upon the individual patient's risk assessment. The computer database was updated at each review visit with regard to date of re-examination and status. The status was recorded as satisfactory restoration, tooth exfoliated, tooth extracted for orthodontic reasons with the date of extraction, or needing replacement. If replaced then the reason for replacement was also recorded.
It should be noted that not all replacements were due to a failure of the restoration. True failures of intra-coronal restorations would include caries at the margins of or beneath the restoration, fractured restoration, marginal degradation, pulpal infection and partial or total loss of restoration. False failures would be those not directly related to the restoration itself such as caries at a fresh site but which necessitated the replacement of the observed restoration. For stainless steel crowns, true failures would be either crown loss following cement failure or perforation of the occlusal surface as a result of wear, whereas false failures would be due to failure of an associated pulp treatment.
Access to both Class I and Class II cavities was made using highspeed water-cooled tungsten carbide burs, 330 pattern, and then caries removal achieved with low-speed rose-head burs. No extension of outline form was made into sound but caries-susceptible pits and fissures as would have been necessary for amalgam restorations. 2 Instead, having satisfied the criteria of caries removal, caries prevention was accomplished by applying fissure sealant over both the occlusal RMGIC and the remaining pits and fissures. For Class II caries, a minimal proximal box was cut to give access to the caries, with cavo-surface margins that approximated 90 degrees, and with clearance of contact at the gingival floor. The proximal box therefore differed very little from that of an amalgam cavity (Fig. 1) . The potential fluoride leaching property of RMGIC, and its adhesion to tooth surfaces was not used to justify deliberately leaving unsupported enamel, nor of placing cavity margins in positions inaccessible to normal cleaning procedures; those properties merely served to make RMGIC restorations more able to compensate for less-than ideal cavity preparations.
It should be noted that Class II cavities were either mesial or distal, with or without buccal/palatal extensions. If both proximal surfaces were decayed or if after cavity preparation the resultant outline form was significantly larger than the minimal classical form, 4 RMGIC was not used; an SSC was placed instead.
After thoroughly washing the cavity a matrix band was placed and wedged for Class II cavities. The encapsulated RMGIC (Photacfil) was then mixed and injected into the cavity, with no prior application of primer. The restoration was contoured, excess removed, and exposed to the curing light for 20 seconds. The tooth was then etched for 15-20 seconds, washed for approximately 5 Stainless steel crown preparation followed conventional guidelines. 4 The crowns were cemented with reinforced zinc oxide and eugenol (Kalzinol).
RESULTS
The distribution of restorations was 610 Class I RMGICs, 1,088 Class II RMGICs, and 1,107 SSCs. The use of anaesthesia is shown in Table 1 , where significantly more Class I restorations were placed without anaesthetic than Class II or SSC restorations, and significantly fewer Class II restorations were placed under a general anaesthetic than Class I or SSC.
Rubber dam was used in 76.7% of Class I, 95.7% of Class II and 98.0% of SSC restorations (Table 2) . Table 3 shows the maximum, minimum and mean ages, in years, at which the restorations were placed.
The maximum and mean follow-up periods, in years, were 7.68, 2.13 for Class I; 6.73, 1.72 for Class II; 7.69, 2.13 for SSC restorations (Table 4) . Table 5 shows the status of all restorations placed. Restorations where the patient had not returned after placement comprised 10.8% Class I, 11.6% Class II, and 8.9% SSCs. Restorations judged to be satisfactory at their last review included 60.8% Class I RMGICs, 61.0% Class II RMGICs and 64.7% SSCs. Exfoliations accounted for 15.3% Class I RMGICs, 22.2% Class II RMGICs, and 23.0% SSCs, and these were classified as 'withdrawn intact', as were the small number of restored teeth that needed extraction for orthodontic purposes. Replacements were needed for 12.8% Class I RMGICs, 4.8% Class II RMGICs and 2.7% SSCs. Table 6 shows the reason for replacement of the restorations. All of the replacements for SSCs were true failures, but in the RMGIC groups false failures occurred when caries developed at a fresh site, eg new proximal caries where an occlusal restoration had been placed. Thus 69 false failures for Class I and 25 for Class II restorations were added to the respective 'withdrawn intact' groups, leading to the revised status of restorations shown in Table 7 .
Excluding those restorations which had not been reviewed following placement, the true failure rates were as follows; 1.7% of 544 Class I RMGICs, 2.7% of 962 Class II RMGICs, and 3.0% of 1,010 SSCs. The mean times to failure (years) were 2.40 for Class I, 1.78 for Class II, and 2.48 for SSC restorations ( Table 7) . The Kaplan-Meier survival graph (Fig. 2) shows no significant differences in these survival rates, the probability associated with the Log-Rank test = 0.07.
DISCUSSION
The success rates of SSC and RMGIC restorations for primary molar Class I and II cavities under specialist practice conditions have been shown here. However, it should be emphasised that for Class II restorations RMGIC was only used for minimal sized cavities. For larger cavities, or where the decay process involved both proximal surfaces, SSCs were used, the high success rates being consistent with a previously published study. 2 The frequent use of rubber dam may be a contributory factor to the high success rate of the restorations in this study, not only for maintaining a dry field of operation, but also for its contribution to behaviour management of the child patients.
The results show that a significantly higher percentage of Class I restorations were placed without the use of anaesthesia. 25 This is attributable to the fact that there is no clear clinical dividing line between a cavity designated as a preventive resin restoration (PRR) where anaesthesia would not be routinely provided, and one planned to be a Class I cavity where anaesthesia would be administered pre-operatively. Not uncommonly in this study, a planned PRR evolved into a larger restoration sometimes involving dentine, but for which patient tolerance permitted completion without anaesthesia. The operator made a clinical seconds and thoroughly dried. Fissure sealant (Delton) was applied over the RMGIC and any remaining pits and fissures before again being light cured for 20 seconds. Any excess fissure sealant flash was removed after matrix band removal. In almost all cases the occlusion was not checked and no occlusal adjustment was made, the fissure sealant covering to the restoration was instead allowed to self-adjust during normal masticatory function. In each cell, first number is count, second is percentage, third is adjusted residual. 25 Pearson χ 2 (4) = 652.7776 Pr = 0.001 Likelihood-ratio χ 2 (4) = 620.0433 Pr = 0.001 decision at the time of cavity preparation whether to record for the purposes of this study a PRR or Class I cavity depending upon dentine involvement and the percentage of the pit and fissure system involved. This also partly explains why the majority of cases in which rubber dam was not used was for Class I restorations, as the absence of local anaesthesia makes rubber dam unacceptable to many child patients. No anaesthesia was used for 42 Class II RMGICs. Typically these were cases where the adjacent primary molar had been lost and direct access to the proximal surface was possible; often a small cavity could be prepared without anaesthesia. Replacement of SSCs could in most cases be achieved without the use of anaesthesia, as demonstrated by the 18 cases shown in Table 1 .
No cavity liner was used for RMGIC restorations in this study. Murray 26 showed that the floor of the cavity preparation could approach to within 0.25 mm of the pulp without causing significant damage to the pulp. The remaining dentine thickness was the most important variable in determining pulpal response to both cutting procedures and the restorative materials, composites, RMGICs, zinc-oxide/eugenol and calcium hydroxide used in their study. Carious dentine has been described as having two distinct zones; the outer superficial layer which is irreversibly demineralised, and the inner layer which has been reversibly involved in the carious process but which still retains the potential to be repaired under suitable conditions. 27 In view of this and also the fact that in primary molars the enamel and dentine are both relatively thin, 28 it would be logical to remove the outer zone of the dentine, maintaining the inner zone in order to avoid exposure. In addition to this, more recent research has demonstrated that if deep lesions close to the pulp are treated with antiseptic lining materials such as calcium hydroxide, or cariostatic restorative materials such as GICs, then any residual bacteria retained beneath the restoration would be very unlikely to cause further caries. [29] [30] [31] Although the fluoride-release potential of GICs has often been cited as a reason to use this material and its derivatives for the restoration of primary teeth, it should be noted that the amount of fluoride released varies between brands. 32 In the present study, fissure sealant was applied after etching, to both the remaining pits and fissures and also to the set surface of the RMGIC. Sidhu and Sherriff, 33 and Ribeiro 34 showed that the susceptibility of GIC material to dehydration had not been significantly reduced by the addition of resin in RMGIC, and suggested that surface protection helps with water balance. Chuang et al. 35 concluded that RMGICs remain moisture-sensitive, and all the samples in their study showed incomplete sealing of the cavity margin. They suggested that resin adhesive should be used to reduce marginal leakage of RMGICs. Mazzaoui et al. 36 showed that a thin layer of dentine bonding adhesive covering significantly decreased the amount of fluoride released from both GIC and RMGIC. It did not however block it totally and fluoride continued to be released from the RMGIC through the layer of resin. In the present study, resin was not applied to the proximal surface of the Class II restorations, so that there was no inhibition of potential fluoride release against the adjacent tooth surface.
In a previous study the survival was reported of amalgam and SSCs in paediatric dentistry. One operator performed all the restorations and it was emphasised that amalgam was only used for minimal, classical cavities. More extensive carious lesions were restored with SSCs. 2 In the present study, the same operator again placed all the restorations, thus giving a constant approach to clinical decision-making. The clinical impression gained during the course of this study was that RMGIC was being used in more extensive cavities than would have been the case with amalgam restorations, and that fewer SSCs were therefore employed. However the proportion of Class II amalgam:SSC and Class 2 RMGIC:SSC shows no statistical difference, p=0.35.
It should be noted that not all replacements were due to a failure of the restoration. True failures of intra-coronal restorations would include caries at the margins of or beneath the restoration, fractured restoration, marginal degradation, pulpal infection and partial or total loss of restoration. False failures would be those not directly related to the restoration itself such as caries at a fresh site but which necessitated the replacement of the observed restoration. For stainless steel crowns, true failures would be either crown loss following cement failure or perforation of the occlusal surface as a result of wear, whereas false failures would be due to failure of an associated pulp treatment. With regard to true failure, 30 SSCs failed out of 1,010 reviewed (3.0%). Cement failure accounted for nine of those and the occlusal surface was worn through in 21 cases. Considering the cuspal wear that naturally occurs in primary molars at age 8-9, it is not surprising that a number of SSCs were also worn through. It is perhaps debatable whether the worn surface of an SSC is a true failure of the crown rather than normal wear and tear. However, if left then gross caries can quickly become established in the dentine beneath the SSC. Therefore in this study the worn-through SSC was replaced preventatively and marked as a failure. Within the RMGIC true failure group, 1.7% for Class I and 2.7% for Class II, only one tooth showed evidence of pulpal infection, and only two restorations fractured, all three of these being Class II restorations. The rest were due to marginal degradation; in some cases recurrent caries had started, in others the defect was noted and the restoration replaced preventatively as discussed above with regard to worn-through SSCs. This latter group may not have been considered by some operators to warrant replacement, as the tooth could conceivably have progressed to exfoliation without further breakdown; in this prospective study the operator/assessor was at pains to avoid a favourable bias in the judgement of acceptable restorations. One criterion for the assessment by the operator in this study of a satisfactory restoration was whether any peer-review would also judge it to be satisfactory, knowing it had been placed at a specialist paediatric dental practice. Hence an overpessimistic ruling was made for failed restorations.
SUMMARY
Under the conditions of this specialist practice-based study of primary molar restorations, SSCs continued to prove very successful for the restoration of larger cavities and for pulp-treated teeth, with 97.0% satisfactory or withdrawn intact at the last review. For the smaller cavities RMGIC shows promising survival rates with 98.3% of Class I and 97.3% of Class II restorations being satisfactory or withdrawn intact at last review. 
